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^ Ir'g^, 71^(10)^ 1-^ST^>(14)1- <^l-g-*H 'il%i*>7l ^tt 71^ i^i «J-^52l- 

'^'l ^1^1 'f'i^ « '='11- ^^}^, ICP di^(13)^^El ^^}7] 5L«i 

ICP ^^(13)i^F 3.^4 ^;^>7l JL^ ^H^ojl ^^V ^e1-2:xi>(14)5. ^rf^sj-A] 



£ 1 

-B-S Ifl- l-Sl-^T'}. ICP ±±, 11^4 ^^1-71 JiLifi 7\-^, ^-i- #S^-ii^> 71^ 



-B-S 1-51-^4 (inductive plasma source)* ^l-g-^H ^5]e4 l"^!!* i^1§>7l ^ft oj^j-Aj j;^ ofl^l ^ 
^ (anisotropy high ratio etching process)^ ^§H, "^11- ^''^^■Si ^] DE 42 41 045 C2 31^ 7] 

211^1 1311 ^ ^ SI^ l^-ilS. ^A]^ 1^61] 511^1131101^^ 'iAl«H'='> 44 

4 ^"^i €515 ^J-=^l <=lHi-&>ai4 4fe #^^^71 # 71-^^ -"^^m] ^f'^?^^ ^^s.^45H 

Si4. -^Hl, -^oi-7l «j-'SiAife %Hi-447l ^«rH -H-s ^4^4 71-W ai^4 t^l- t^S^l?^ 

4 4^ £1!: '^'is. ^l^"^ 'S'H^ #4^4# 7l-^«!: #4^4 c»^7l (exciting)444 4^ ^ 

AS ^1<?>4j1 514. 



n^^m. ^J-714 :t<^l oi7l^ ^ ¥4^4 #^<=^14^ #4^4 ^^'^] «11^4^ ^4 fflsflAi^ 

±7} 1^4 444, 4^ tt^ASfe ¥^ 4^^ 4 4^14^ ^14^ ^ SI4. 444, 4£ 1-4^4 ^ 
^ 11^4 ^l-§-%i-As4. 44 W4 44^ #4^:4 «^1^%i-AS4, <^^A5.^e1 4s. € 
s.e|.2:t,>i. f Ag44^ 4^«^14 4^'=H4^ 1-4^ ^444 il^4il Si44. 4'a ^^4 2:4^ 44 ^14 
4 41-51 i^i J:41- 444^ ^ $14. 



^^J^4 ^1 DE 42 41 045 C2 3:^1 4#'^1 4^ i%i ^^^"^1 51^4, ^11^ fe^ 1-42:4 ^^"^'l #^S44 ^4 
011^1 sii4flllfl4 4<='151 4«:44'^14 #4^4* ^4^1^^ ^ 4^^^J'^1 ^^l7l-44. <^l^^kW445l 

<=>i7l #^AS 44'=^ 4€ m] ^4 1:^34 #^ 44'=^1 "^^^^ 4€ 1^4 4^4 #42:4 4::^iai 44 4s. ( 
s-a. ^4^4 7]]Bfl44 ^ ^-^371 #^4 -f-)* 441: ^ Slfe 4£tt 44^ 1:^3444 °fl^44. 



^4^^ #44 ^1 DE 199 00 179 Jl'^l^ ^4^4 ^1 DE 42 41 045 C2 3:^4 ^44 4^ 1-424 
7> 4^114^ Sl^i^l. -^l 4£ 1424 -B-s 1424 s4^14 #^14^ :5i^4 #^ (symmetn 

c high frequency output) 444711 ^4 #4^4 4# ^ 51^4, ^4 44 44 (int 

erference coupling)'^! 4^ 1-4^41- 1:^84^^ ^ 514- H^-^S 1-^4IL -^l ^BfloflAi^ ^ 3kW vfl4 

5kWSl €^^4 t!:;fl7l- #7l|4ai. 4 fb^l '^l^^'i4^ j1^4 ^J^* 44 44<=^ ifl44 4^ 
^] ±m ^4 444 #4^44 4^^J^4 fr^l7l- 44. 



o]S!\c^, ^^^^^ de 199 198 32 s:^]^ 3.^^ ^^7] jL«i ^RT-^ -B-^ ^B^^v}s. o]^^-^ 



^f - #^4 ^^t!: #e1-^4 "ysjcl^oil icp 5)1=1^1- 

^Hl ^-§-1: tfl1=>fl^ ;^>^ ^-g- i-ilB^l3.^]- "yslci^, (" 1^11 ^14^ (matchbox)" )7> A]--^^ ^ Si^t^j, 



^^^^ tiMHs.^ ^^ofl ^fl'S-i: w <iM2i- wsi %^ 7}^t}x^. 

^ 4* #4^4 ICP -i^^-^s. 7Tl^Ai^ ^ 

§>4 «4^4 ^^-^-fl^i '=>11^1^^ ^^4 ^^^^ ^H^Si'^l ^££1 #4^4 t^l: 7fl^ 

1: ^ Si4. 3£t!:, 1-42:4 ^iW-^-^-^l ICP ±± "=^^^^^4 ^4^^i '^"'^ Ml- Si4^-5-S 
44i4€^Si4. 

^ 1:^4 4t^t> 4^ T^^fe ^^^Hl 4 7114 2:41- 1-4-'^ ^ SI4. 

^ 4^ #4^4 4^^"^] 5^ ^^^^ tfl^^ o.^ ^^J44 4 ^fl^i 4^^^. ICP 

-ft-5144. '='1 ^-f i%i#4 ^^^^ 4*4 ^J-=fl4 ^^4 n^^^ ^^5^ #4^4<=fl4 fe^ 
#4^4 #^51 44^4 <=i4 ^J-^l* 44^^!: ^ 5i4. 

4-§-4^1 4^'^14 "^^4714 ^14<^1 44 42}4^ 4^17} ^^1 -^-5^44. 4^^ 44 S^-i 44 1-4 
24 -e-S #4S47> -Hl^ S4i ^ 44«4. 

4:^14 ^Hi=<^l 4 W -B-:£ #4^44 44J5.S. «J-%1=4 44s. eA>47|| ^gsift ^^4 4;^-^ ^^4^ 
1-4^4 :i:i(44. 4^. 4-^ 44*)* ^^3444 4t!: 44 j1^4 ^.S.^. ^ 14^4 t^S 3:41- ^H^- 
4?14. 4 ^^^1. f-'itb 14^4 #^«^4£ 4 71-^44. 



4-1-4 i^^4 ^^-^s. B114^ ^^4 ^7}^ ^4 <=^1 ^14^14 4^ 4* ^M^i 44'^1 «^^S4 ^4^4 

# 4J:47ll 4-§-l: Si^ ^4 444 1-^34 444 ^f^^ 44 (inverse amplification factor) # ^Tfl 441: 

514^ ^°114 4^44, 41-71 4^44711^ 44 44 sll44 44^s-¥-4 4^AS 5cm 7>^ o]^5\c^ 
«P144. 4^-4 4451 S4^^'^14 '='11^14 ^"a^l- ^i^^J-4€ €4 4^4 44^1 44 444^ 44 

4 4-f i '^1^14114 4^ 44-H14 fe^ ^"a-* ^^S4€ ^ Sl^^^^l. '='1 4£ 44^ 'Hl%i4ai4 4^ 44 ^2 
1-4 ^41-^ 13-444. 



^7}s., ICP 3.4 ^^J7l7} 0^4 €4^4 #^4 #T^^ ^44^1 2:^44 444 ^^34 444 a4 444 ^4 
^1 4444^ ^^"=^1 ^4 4444, 4 °1I^<^1 ^4 #4^4 €^4 ^4 44 4'='1°1I4 ^^r'^'l ^ 

#4711 <='1^44^$i4. 



^4 t^^ 7m ^-^M 7>^fb ^^ft ^yslcl^ 7-|.--g:]_cl-^ ^7>5l 7>4^, ::i ^ 

4 ^4t^ ^5^7> T^F4 ^-^l^}^ ^4 s\^s^ ^i^]] 4-^s\7] n^^], 41-4 ^^1-=^ i^Sj- 

^ m}^n o] =01^ 4. ICP ^oj ^/g45^ i3>-§. 4^o]4 Bfl o. nHH^3: i§4i^i 

^1^^^ 7}^«H, "^1^^ m « 1-51-^4 ^1 ^m^] 4<^l3Ss 



ICP €isi- l-ei-^4i^i '^fl^ ^^tb 'a4^:ii ^s|-7> <^1^<^47l xqi^i. kW ^4 3kW <=>]^^^ 
4 #^-^^1 f^Eil 4#6|| 45p^_ 4;^^ 44 37^4 ^^ ^ . SLE.^] s}:4 «^4«l-ji 
4 ^^s. «J-^m ^ 5i4. '^l ^ 4€- ^^-^fl^i^ -^s. #42:4 ICP « ICP 3 



ICP r5i^4 "^^^ "S^^J^-S. 71-^4^ ^^"=-11 4«H -^-l^^ ^^^4:^4 JL 

^4 1^ #4^4 #^ -S-'a- -i^^-^.^ fe^ #4^4 ^£71- ^444 ^11^44. #4^4^ 

.4^-^ ^'S'^l 7l4«M ^^^34^, 444 l^sl- ^4 ^j£4 #4^:4 ^J^fe 

^44^ #4^4 #^"=^14 ^4 ^4. 4^5-# <il^t^s«l ^is}- ^4 4^ '='1^-1: "9 

4ofl 1:4^014. 4^15^ ^4, 4<='1^H -3^^ (giant impulse)" 7> 4-§-€ ^1, ^ 4 20kW.sl 4a^ 

7j-£4 37^4 ^^ '3^^0114 ^4 ^sitbt^l, 4^^ ^ 4^ ^41- <^l-i-^i--$-S4 7l-^§H. 4 
^1 ^5 #4^4 ^1^5-i4. "^fll- 1-<H ^4 500W4-^s. 7>^44. 



o] ;i^c^i_ ICP s-a 1:^344 #4^4 4^^^ 41- ^1^13 ^#^14 €4^ #4^4 3:4, ^^1 ^3i4 
4^ ■§-'?> 1-42:4 4^^?3:* ^^«>AS4. ^4 ^-^S^ t^^: 4^^«-^s.4 ^ ^ 

-i-i: «J-4 1 ^ 5i4. €4^-5.^. 4.^4 -^-l^^ 44^ ^€4711 7fl^^4. 

ICP «^4€ ^^^4^ 4^ ji^4 *^ 4'='1^ ^4 44-^4 ^^^4314 4^ 7l4:i 
44 ^^4-t ^^Jt $JA4. -^-l «Hl%i4 4^^AS. S^4'a# 7ll'a4^ ^ 5i4. 

444AS., ^^^34 4451 1^7} 0^4 #4^:4 ^ 7l4 44 ''^'■m^] ^^^4 7l4'^l '^44 ii^4 # 

1^41- f-^-^ ^14i 44 ^^5|44 ¥44€ 4^ 5i4^ 4^444. 444. ^14i 41- ^7l 

41- ^4«-AS.4 444 <^4 #42:4 #^4 ^^^1-^ ^4 44 ^-§-4 .5-^4 -i^^* 4^4711 
^ ^ SiA^, ^]^^ 44 €i:4 ^44 ^£ ^^s. 44 ^711 44. 

1-'^ '^71 #4^4 #^<^l 1:205] 1^ cfl ^4 4-i:^ ^^444, 44 24<^1 = ^ 4^^. 
1:1851 1^ 4 ^4 al^s 4^4=!^, -^-I^ 44<=i ^-2-4 l^^l: 1/18S. 4^4€ ^ Si4. '='14 ^-^Hl 4 
4 4i-i45] #4 ^ ^4. 

^ ^^^^1 4^H1## £4* 4^4<=^ '='14<=>114 4M14711 ^444. 

£ 1^ #4^4 "ll^i 4iii^-i: 7ll4^AS. £44 £4. 
£ 2^ ICP 41^4 ^#4 444 4H«-^ 4^1- S.44 £4. 



£ 3^ ^4 ^44 4^11- 44^^ 



£ 5^ n-^ i-^ jL^^ m^ ^^s^i?i7i 7m ^^o- ^^S7i ifl^^ii ^ sis. 

1: ^^ ^S-i-l : 
1" : ^4^2: SI T-ilH^^H 
3: #^7l4: ^^7] 
5: #2l-2:i^> ^1^116: *^7l 
7: ^^1<='1 #^8: #^ 

9: t^S7l -y^^Q: l:^|7l ;^ll<H t^i^: 

10: 7mil: 7m 

12: 7]^ 13:^371 13: ICP 

14: It #21-^415: S]:-g-7l 

16: ^1 1 "^21113:^1 iS"a-7ll7: ICP 1:^371 

18: ^1 Z^^^^^ ^*d-7ll9: 7>^ 

20: 7>i «l|-t^21: 

22: '='1^ -¥-#23: ^f - -^^ • 

24: ^'€^125: ^Sl 

26: ^30: ^l^J- ifi«r7l 

31: Jl^3(- #A|7l32: ^^-^1 

33: ail #^34: U/f ^^-^l 

35: D #^#^36: ""^^M 

37: 7m 



^>l§H^i £ i# #s«H ^ ^^^1 ^^Hll- W. ¥2^-^^} -^l^i ^1^^ (5)^ 1]-^^^ ^l^i^i ICP 
4ii(l3)l- ^mt}c^ ^£ W^^^lium ^i^S^l^l^ ^-1-71 (15)1- ?J^T^. #H^^T^> ofl^l Al>,i^oil 

^. il: SFg, CIF3, Oz, C4F8, C3F6, SiF4£^ NFa^l- 'flr-l- 7l-:^i# ^^■§1-71 ^ft 7l-^ ^^^(19)^1-. 

n^^P] 7}^ «11#T^(20)^, '^ll- #<H ^ ^^^'^1 4^ "^l^i ^oT-^i: ^l-§-«H -S-^im 
fll-^lsIS ^^JSl^ 7m(10)4, 7R>(10)4 "^M^] Si^ 71^!: 7R> ^aJj] (12)fiK ^1 

1 "^31^:^1 ^'9-71 (16)7> '='1^1, 7l^ ^'^.^ ^^37] (12)^ 7]^ <^W^ 7^ 7] 

7R ^o.^ 7>^A]^4. 7R "S^^ JIt^sI- #^=^114 ^"^^ 3W SOW £^ 5V 

ifl^l lOOV 1^^^ (equisignal zone)i^i 7}^5l7m, ^± (pulse sequence) '=^1 tfltt ^1^ 

2 -gsJl^^ ^-^^7] (18)^1- 1^^711- Tl^A-] ic i>i(13)5l- ICP S.'i 1:^371 (17)71- ^7}S. 

J^X'^l^)!-^. ^^J€ -fi-S #al-Z:^Hl4)l- S]:-§-7l (15) M1<^1 ^^7] ^J^1-#^ IL^^ ^^71 JE 

Si 4^5] "=1^^ ^S^J€4. Stb. ICP i::^(13)^ ^^5. t}i^^ ^^^^ ^U]^ S^J^ ^^t^. 



2 "^31113:^ ^^7] (18)^ wi-^^«>7ii^ de 199 00 179.0 ^li^i y^j-'^As- ^M^7] 

tffl^i, ICP i::i:(13)7> ICP ^^^71 (I?)* Tl^x^ 3|«3^ cjj^l ^^J€ l&^> '^'We^ ^*3%> ^T-^flS 

S. =^ Si 4. S. 2^ ^"="1 ICP 41^(13)^1 3.^4^ m ^ (26: center tap)^ wW*>;^lfe ^ 



Slb. il- 1-^ =-<i#^ DE 42 41 045 C2 ^-^1 7]^^ ^}&\ ^^o] ^^\^-^ ^]^^-7] <^1«J-^J ^]]^ ^ 
^<=^l^i^ #el-^4 ^li^(5)-i- <='l-§-f-AS.'«1 <^1^ 4^1^!- 3flA]«iioi^ ^7^]7]- atfls. ^^1^4. tg-.^;,]- 

^1 DE 42 41 045 C2 Jll- 



^ #4^4 ^1^^(5)^ ^"^a^^l 199 27 806.7 S.'^ 7]:^^ m}^ ^^<^£ ^^ 

71^(10)^ ^]^^ n ^m)'^]^ 5 20/ibar^ ^^^4 icp 41^(13)1- 71^^^ ss^^p]. 

(i4)i 300 ^4 looow^l ^5 #4^4 4-i-7l (15) ^^]^] n^]^'^]^-^ €^m4. ^^l^Hl-^l 

^ 7]-±:S.^i^, il- #^ C4F8'^14 CgFe^l ^t44. "^1^^ '=11%^ 4^1i^i^ 30 SOfibarB] ^J-^^ 100 
0 5000W51 #42:4 -^Hi^ ^^lt!:4. 4^ 7^^^^^^, ^o] sF 6'='14 C1F3 7> ^W 

4. <^1^1 ^5 #4^4 ^ ^^'^l 44^i 44^51 l-el-^tii- :i:i<^lAi ^o^^ #424 ^l^Hl tiit> 
<^ Sl:<^14. 



€4^4 ^1:^^^ (5)i^i -a-S #4^4(14)51- ^^^-y #4^4 ^4 (plasma exciting zone) 
^ ICP ±±{13) 4<='H1^. "=^11- l-'^H -t^^l^^ Hi ^11^^ "^l^ ^^(22: distance piece)A^ 

Ai " i2|l6lAi (spacer)7> I3ll:^m4. ^1-4 <^1^ ^#(22)^ ^-^7]^ 4^71 (15)^ ^ (dist 

ance ring) 51 ^EflS. ^i^lSl-^ 4^71 ^J^f - ^>at!:4. ^^^7] o]^ s.^ 30 ^:^] lOOcm^l 4-S-71 

(15) ^^-^14 4 5 tfl^l 30cmSl M<^11- 



^^(22)^ H>^2!l!: ^^1 ^-1(21)5. l-^I^H^'^^l, '='1 S.'U^, 100 ^^1 

1000711S] ^3i^> ^J-S"^! «tt ^^1 ^#5] ii>fH^ 514^4. ^7>s.. s 

(21)^1 i41^<i^ '='1 ^HT- S'i(21)'>ll 1-^J€ n%^}7] ^21-^71- ^^^fe ^51^<^1 ^ Sil^. 

^15} ^B^, ^■3(21)^ l^j'Bs. ^el^^s. "^'I ^^'^l ^H^- s-a ^"^-fl 

^HT- ^"^(21)^ W-^, neln ^f- W -B-bJ (23)'=>{| ^^^i -=^1- 10 ^^1 lOOA^] ^^7} -^^^t^. 

1 €^1^-^ -mi- l-'H (15)5] ifl^-^^i J^V^l- ^^SA]?!^ 2!^7> 4 

■i-SH, 10071151 ^^31- lOcm^l ^ 40cm51 ;^>^1 3<a (21)51 ^-f ofl, <^f. s.o] 

^1= 0.3mTesla/A5l 4^1 St(21)51 ^^^l^i :^W1 ^j-^f - ^^gAl^cf. 

'iiai'^ls, ^Hi- s^a(2i) tfl^i. 'i^ ^>^<^1 4-§-€ ^ zL^^m, 4#^^1-7ll^ i^-i^l* *>^1 ^ 

El)^ 7^^^ ofl^l ^ ^^j5.5. ^^t}7] T^n a^^^ ^ 53fW. t^^<^l. 

-il5l 7>7fl 7j-£^ f^^El7l nH^^ ;^1-^ S-i (21)^1 vW^^}t^. 

4451 ^-f ^<a(21)'^14 °11 ^^J^ xl-;^l5l ^^^^^ 71^(10)4 W^^^} 

(14) l-Bl-^4 <^^> <^^5l 5l-'?li 5ls|]A-] ;§^1^ uj-^tsf 5.Al-§>7li4 ^«S-5>4^ ^ (4^11- 

^1-71 -i^Hl^ ^Al<^loilA-l^ ofl^l 5^a^>7ll %>^j-Al7l7l «J:-g-7l (15)51 ^11^^^^ 

iC!:-§-7l5l ^4 ^^^^ ^1 DE 197 34 278 Jl^l 4^ ^^-^1 ^^^^} <^^} "=1^^ ICP i:i:(13)5il- 

7^(10) ^}^]^] ^]^^^. £ Hl^i^ ^^tb a^l: ^J-71 ^^i^. 4^X!§>711^, ^j-7l 

^ 71^ ^^(11)<^M 7l^(10)A^^Hi ^1= 5cm 7}^ ^^<^l^i ^1^ ^#(22: 4H1 31^^5a4. 

(23)'=^i^i 4^1 3<a(2i)^ 4^*1-^ ^^^ife =s-^is.Ai ^^tt 3.^m ^^=1 
'^•^i: ^fecfl. -^i s.^^^ ^^1^ ^^1- ^-H-t «iH5i- ^£1- s.^^^^5L, stt, it- '-s 

4^7} ^-iSl^ :=i^ofl ylA^ ^1-1^^ ^Altf-tj-. 

^J-71 ICP 1:^371 (17)^ ^1^1 ^^151- sflAlaflol^ ^± 300 ^^1 ^l^fl 5000W ^}<^]^ ^1^5 ^fli^i 1 

^SF^ #el-^pl- #^1: ^71-S. «>^4^>7fl^, '^l^i ^^1 2000W51 Al3§^o.^, sflAlBflol^ i^:^! 

^•^ti^ 500W51 ^131^0.5. .^^^4. 

^7VS. ^ ^^<^lAi^ #51-^4 «^5l 1^151-1- 7>^§1-7|1 §>7l ^§H, 1^^;^ ^oj-o]] JCP «=^^S7l (17)^1 

5l^^i #^51 -asini^^ ^>,s^^ 1-4^4 #4^4 ^tl^m^'il 44 <i^47l] ^ 

lft4. att, ICP ^^S7l (17)71- 1:^3^171^ ji^4 ^44 b.^ 4^^-51 ^4t^^ "a^iiaA,^ 2:^44 ^4'=>^ 
4i=^4 «xHH^ii^5.ifi:^m. 

Sit, 4^4 t:11%1^^^ ^Aj£|tij ICP ^^(13)^1 tfl^^^^ 4B^l3.fe ^^1 2 ^^n^d^ ^"^7] 

(18) i^-^l^i. 11^4 ^4^4 %n €^7> ^T^^Jr-^] ^1 "t-^o^ 4^^5l -a^l^r^^ ^€^1 ^t.] ^ 

^€4. 11^4 #4^4 #^51 2lrfl?J:^ 1^51- #4 ^14 4<=']5l 4^<^1 1:1 ^414 l:10l: 71-1 ^1 3 ^41^1 
20kW<='14. 

^7}^, ^1 444 a.4 4=8-51 ^4=T=fe, 3i^4 #4^4 #4 €^7> ^tfl^o]] c-g.^ ^ i^p s-i ^^^S4 (17)^1 
51^ #^34 11^4 444 ssi 4^^4 ^4^4 ^4 ^4^(1" )£ ^tflilri ^^ils. ^«^^4. 4°fl, 

:f ^ ^4^(1" )^ 4^44-711^ 13.56MHz^l4. 



^ 'fiflrW. ICP ^^37] (17)^ ^sj-^^ 4x^51 BlH^ ig.?] x|<HlAi )S 1 Bl ^ (release) 



tH^^ l^liA^ ICP «i^37l (17)51 ^5l-==^7l- ^^T^, <^]n #^Ol4 C^7M1L:^} t}^ 

W^^^} 4 ^^^7} t^5|7l4 ICP #^|7l (17)51 t^oll ig:^^ A7> t^€4. ^^l^i. 



4. ICP :5ii(i3), 4 ICP 4i^5ii s<ai-^ ^"a^*! ^^i de 199 00 1790 jii 

^^€4. 2:^ viiM^:|3(2)^ 2 -a^^l^i (18)51 -a^f-l- ol#4. ICP 2t 1:^3 

71 (17)fe, '^l- #^ 13.56 MHz5l fl-^ ^sj-^^* 31^4 4^ (fundamental frequency)!" 

^]f]7] ^%3L^^ ^^7] (3)^ ^^71 (4: quartz oscillator) l" 4^4. 



^7] 1:^7] (4)51 31^4 7m ^4^^ 7l#<^l 4^ "ai>^<?l ^ 4^^ ^^71 (3)51 ^=-7151 

<a^^^l ^l^€4. I1^4^b, 451- ^^-^l ^1^51^ ^4- i ^^^71 (4)^ ^^>l£ ^^Bfl (outp 

ut changing phase)^t> #4 ^^4 (3)4 SJ^^'^'ll 5l^Ai ^3l4ol. o^H- f-ol ^^^t}^ c^^^ 4 « (entiy 

hub)l- Tl^^i '^l -a ^^51 ^^^4. ^ ^^-^^i^i 4^*>^ 1:^71 (4)71- 4^51 4^ 

# ^1^4^1^ ^71 itil^i. ^^4^ 4^7114 ^^5. ^-^^ 



s.-f-4 ^Blt ^ Si4. "^is. <?1«M, ^^S7l4 ^444714 €Sl-44ii^"='11 ^^^^ 

1:44 5=1- 2iiH^ 4S. AH-^I^ ^4^^s. i^fl-f -a^^Hl ^« ^ Si 4. 



f^^4 (3)^ ^4^ ^^J^i ^Bl-^i ICP s-a #^S4 (17)1- 4^'=^I^i ^'H*>7l 4t!: ^71-4 1:^371 ^c>] 
(9)# :^1^fl:4. '^lili^, "il- #^ ICP 3.°i ^^14 (17)1- ^ ■ ^ SX^ 444 #51-^4(14) m 

4 <^7lAi44 411: 37^4 ^^51 -H-S. ^^1 ^4^^% =v Si^. stt, £^14^1 51^ 4^1 44 (7l4^ ^1'^)^- 
1-4^4 (5)4 ^* (23)'=11^. ^11 #4 ^^^344 -^4 "^M. €^1)51 44 4^ 

4 *^7l4 Bll'^lBl'^'ll -I-W71 4tt *^S44 t^^^O)"^! ^1^^4. 



41-4 ^^7] (3)51 "a slH^ai 5|^5l 44^^14 31 "^jAi^i o_^, 2^ ^^ 41-4 ^4=^^ 4 
4 ^^(1)1- 4^4 ICP 4i:i:(i3)4 ^t^44. <^1tqi, ^7}^ ecdi44, 4^44, ^f- '='ll-5l 2:^>4 ^47} ^ 
44 44 # W-^i 444^^1 4-§-=144. ^S(l)l 44 'a^a^^4 ^^7] (3)51 

"a^^i-^l 2:41- *4<^ ICP 4::d:(i3)4 ^^J"^! 1:^34^ ^-a-^ 4^444 44'=i ^ $14. 
^>4 44^^1^^s(l 7l#i 4^4 £ 2'^4^ICP 4i:f:(i3)4 s-a, ^ -il^ ^(25)4^31-^ ^2:(l) 
Hfl44 4451 ^€4 (24)4* £4m <^14'^l£ s^ltb 451- ^-^1 ICP ^-^(13)4 s-a ^4 ^?>^ €-4i 
4 £^ M ^ (26) ^s: ^ (25)* $ife4. '='1*^M-1 ^^*4^ 4^ 5l1'i'='l <=^11- 



W^, ^4 7l-^^> (clamping contact)^5.^i ^ ^31 ^ (25)<^1 ICP ^^(13)5] 

^1 t (26)A5.JfBl f]^^ Tlel-^l an 4^ ^£ ^#71- ^-§-^4^ $i ■?l§l-<^ Hj-^^tt slM^l 



^s(i)^ ^]^}^ ^1 7}^^ s.'a^ ±^ lc ^^s^^i- ^-^i-i^^t^i, 

^^5]^^ liH ^El (band filter)!- ^^-71 «fl^ ^B]^ ^^J^S.Ai <^1- ^o] Q.l ifl^l 4MHz5] 

±^ €3^31} 3011 711^31^3. ^^(1 )^ 



IS.SeMHz-i "^l^^, €^7151 ^^^(6: oscillator crystal) 4 ^#^1 5^^^^ bJh ^Ef 



2:^-^ 1:^71 (3), i-ilS^:|3(2), ICP 4ir^:(13) ^ ^Elf- ^f] ^^^l^AS 

T^H^i-i (Meissner)^] ^>^7l ^Bfl^ll rcj-S. Ti|^afl ^^^fFtzf. ^^a], o] 5)^^ i?!;^ it^7l (3)^1 ±^ 

^1^51 ^l^^ ^t^^ ^2j-^(l" ) ^s^-^l^i 1:^71 #^1^:4 ^(25) 4 

oHAi ^ o.^v o^A^v SA]^, <^1# ^Sllol ^^ (7: delay output)^ ^I^A-^ ^51=]^ ^ojil., ol ^^lo] ^ 

-Jl^M ICP 4i^(i3)^ s-i^ m ^ Sit^. 



S^ft, ^£11<^1 (7)^ ICP irfi(13)^ ^^l-^l^i ICP 4i::^i(13)^l S<a ^^Jr^ ^^7} $t= 90 "^1 ^ 

^o^^-t ^ T= -^l^li^ €^1^, sj^S] (resonant condition)^ ^^fn^ ^S(l)i 

^o] <:.lf.<H^l^ ^^4. 2:^^ ^^.-Hl Sl^fl^i t|)^^ € f-^^M. '='15. '?1-&M 



^l^J:, £€- ICP S^a(13)£l S-a^l ^3: ^ (25)^^-f-El ^Ej* 7]^ 1:^71 (3)^ <a^^ 

^S., ZLeln ^^711- Tl^Ai 2 ^J^I^i ifi'a-7l (18)^-$.S. ICP :fc^(13)5l S'^'Hl^i ^^ijS. 

3] 5 tfl^-^ 'S^'^l ^^lEl-^ ^1^^<^] ^-^^M ^ f^7>€t:l-. <^l:^, 

331 -a^l-^ ^:^1E1 H. i^H^j (positive feedback) t^-^'i -S^l^^ T-il7l-E] (negative feedback) 



^ mE. ^E|31 ^Bl -^g^ ^>^<^lAi ^Sl: ^ Si^^. <^1^ ?1§M ^E #5}^i^>(l4)5l 

-tl^-?!: 'asilci:^; lfi2l-AHl:E "a^iMri^^ ^^^^ ^i^^S. 2:H ^ $14. 4^ ^Sl-^"?]:, 

t!: ^E.^ s\S.^ 4^ ^o^i^i t^|7l (17)^1 «=^^7l (4)^ 41-1^11 <^1 $i4. 

#4^4(14)7} 1-4^4 ^J4^:^i4 ^7] #4^4 #^4 #^4'^ 5)444, ICP 3<a 1:^371 
(17)^ ^4^^ ^# ^4^(1" )i si«ll ^<^4^ ^4 ^4^ ^44 ^4^ ^€€4. ^4^ 

^^1- ^ft <S4^i:5l 4^ AS ^^=1^ ICP s<a 1:^345.^4 1:^3€ j1^4 sl^ ^^J-^I ^7l 



(8)^ =r ^]^^. 

-B-S ^1- #^1-5:1^}^ W^^^} <=^7lAi7i7l ^«H. ICP 1:^371 (17)51 #^13:^, <^11- 10 

Hz ifl^l IMHz. Hl-f-2!«>7ll^ lOkHz 100kHz5] aj,^ ^s)-:^!- ^7l^ o.^ ^ • ^^^1^ ^ t^^I 

ol^f ^^1: ai- ^%T-^ ICP ^^S7l (17)^ ^^]-# 4^1-1^^ ^^-^l^i^ ^^'^l ==r 

^2:1- ^tt <^14 31^^ 7l^^^Ei f^l-^l ^xlEjo] 0^4. cll- ^tH. c^ll- 1-^ ICP 

7] (17)51 31^4 #^1: ^lt!:«>7l ^^S?! ;j|l<5l 'a^^(9)fl 4-§-=l^. ^I^-^I ICP S^J ^^|7l (17)5] JL^sl- # 

1-^, ^^^^} n ICP S-^J ^^71 (17) i4 #51-^^1- ^1^^ (5)51 ^^S^ 3I|h ^^>(pe 

ak load: ^3.)% ^^^^^] ^]^^ =t SiH^ -^^l^^. -frs S'^'^^i ^"9- ^a^-fl 

71 ^^ic^, ol€- ICP 4::i(13)fe §51-^4 SW=>^ ^ SI 4. 

l-e|-^T^> #51-^4 ^^-i^i €^ tfl all:. 2. a1^3|- a]^ 

AH5] y1^^ 1:1 ifl^l 1:100 aM51 ^^1- :^^t^. ^^^^} *^ ^riif- ^^S^l?l7l 7^ Jl^4 #^ 1^ 
^ f^^^ 500 i^^l 20.000W. wl-^z|«>>ll^ ^ 10.000W'=fl = -^I^ l"*! ^rf; t(| wl^^ 
^S.«1 ^5 #51-^4 ♦^^ ^ 

"^^^^ 'i-^Hl5l ^EflS^-l £ ^AHloflA-l^ ^g-f t^el-A-l xH^- 2"^(21)i 5l^flA-1 ^^g^ ;^>^11- 

Am^. ZL^;^l^Jh fHl. -i^tl-Tll ^Ml- ^}-§-§l-7ll Sl^ #21-^4 ^^M. o]^^ ^ nVT^6\] tc^^ ^Bl-^ 

4 «j-^i^-1 -^^^1-^1^^} «ol-^^ 7j-o.§]-^l^ ^^4. zl-zl-51 :iO-6\] trI-sl-Ai, 4s. x>^]# S7lt 

m§i ^^1- ^4^4(14) xfl<^l #4^4 ^^34444 '^4'^147l 4t!: ii^^ «i7> 

ICP db:^(i3) tf(l<^l^ 4^7> ^ -fr^ (23)i 4^ 1:^34^ ^ri'-ll 

4^114 ^i^J4fe 4^1* lisl-^m ^ 5i4. W^^^} #^'='14 ^42:471- <^44^1 ^^4^ "g^^ AS. 4:^11- ^ 

2:t 1A7> ^4. 



£ 4i4^ ^Wl s-a (21)^1 5isiiA^ #4^4(14)4 #^1-^4 €^1- =^7lAi7i7l 4-sM ^J-^ft 

1^1- Ai4oi] 44 -E-44A17J £Aitt4. ^1^1. s.'a 4^1 (21)1: 3i^4 #^ €^ 
4s 7>-^4^ €^7> ^^tb 4^"^1 4^1 f^^€4. ^M. 1^ #4^4 €^51 

41- ^7m^, #4 W -R-^ (23)ifl-=fl -^aaJr^-^-S. *i4^ ^S^4i 4^^^ 

^ Xl^t^l, ^^71 1^ >i^4"i^ ^^(21)^ ^^1- 7}ft W4 ^1^^. il- io%4 

f- ^511014^^^4 #4^4 ifi^4444 €^!l-s4 ^^7> f^stt ^-^ Ji^4 "ai^ ^1 

41:, ^11- 1-<H 10%4^ 'iSllclAl^ o.^>i^l Aj-7] 1^2:44^ ^71-51 44 4S(time circuit)7l- ^1^44. ^ 

l!:, <='ll- 44^=^ -a-^ (23)4 ICP ±± 1:^34 (17)1- ^^^M ^ 5li4. 41-4 ^7l4 4^4 ^1^1: 

f^s-44 4ft 4?> ^Sfe ^^1 71 #i 4=^ -^ast^AS ^J:^4 $i4. Stb. ^bi (23)^ ICP 3 

■i 1-^371 (17)4 «%^€4. <^14''fl£, 4^ ^"^^(21)* f-4«>^ €^ ^l^t^ 4^^^1-711^ ^-^ #4^4 *^ 
^^4 4?]::a4 4 ^4. 



441:<^14 1^1:^ 4^1 s4(21)4 44€:^ii 44 ^^J4^cii, ^i 01^^^^ ^ = 4 
^lft«:4. ^1^*4 4:^1 s4(2i)i tii4oi 444^01 ^Ai-ofl 444 ^ iqhz 1-114 ^ i0kHz4 ^4^<='l €-§-4<^1 
4. 1-4^4 ^41-^4 ifl ^4 44^ 1:1 ^fl4 1:10044. 



44 ^^4'^. 4:^1 ^l-a (21)51 4^^14 ^1 DE 197 34 278.7 ^44-^ 5iA4 44 ^ 



ym'ilO)^M 71^(10)011 ^1^1^ 7m ^^(11) =r cmS. €^€4. ^J-71 ^€ 

^S.^, ^§1 i:ll%l5^AS xll^^ ICP ^>:(13)# 71* S^^oHl^-1 "IRI ili^^Jt- ^H^^m at!:. 7m 

(10)^1 ^^Hl^i ^RHl 42^- mm ^ SI^ ^^^l^Bl£| ^>^ls ^i-4i€4. '='l°fl, ^T-71 ^^^^ ^l^Hl trfB^ 

^ Si^ ^^i: ^4:Al7l7l 71^(10)^ 4S Sir-^-ll^i S|-^7> ^^jE|7l TfH^o]] 71^(10) ^M^^ 91 

^T=S|-€4. 



41-71 €^1-^51 ^7>f E(lS.£4€-^Ale^n7>;^l^Sl^r:|l, <il €^1 i -^^i^ ^^tb Sl^S- 
7m(10)'i 7]^ ^^(11)* Tl^A-l 7]^ ^^J- ^^I7l (12)-=^ 51^Ai 37^1^ #^ol ^i^^ 

^ASAi ^^tt ICP si-i ^^3711- Ti^Ai Ai^<i|| 451- 'i^t>7m- ^^in^ mm ^^hi ^ri: 4 

44 1-4^4 #^4 7m ^-a-^ #4^4 4* S 4>fl^ €^1- ^is ■i-4« ^ Si4. 

7m ji^4 #^4 4^447flfe ^4 ICP s-g *^S7l (17)-^ ^^S€ #4^4 

^±7} 4^4^ 4^ ^^J- ^^34 (12)1- 4^4 ui^4 #^-^1 4^(io)<i4 «^45|^ ^^€4. 
m "il- 1-^ 1-4^4 #^ €^ ¥^Jr, at): a4^ «47ll 4^ * ^44 ^€4-^ 4^1) #4^4 =^7l- 
S4^« '^<=fl:£ 44 -^l^i-^ ai^4 ^^71- 4* ^-a- €^S4 (12)^ ^1^€4. 

ol4 ^Bl, 4^ ^^(ll)iA-i c^7]^ 11^4 #^51 44 '^]^^^ 714 44 ^^^S7l l^7> 1-4^4 m 
4 'a*:^^ W ¥4 ^71^ ^ ^£4 ^£ ^4. 4-f -^1. #4S47> «-^^2l=^14 ^4714 ^^1b1il4^1 ^ 
^-4 '='1^ « 4^4 4S4<=i. ii£^4 ^il7>Biti§>7il 4f^4 '^l^, ^4 #'='1^4 4^4^ ^^11- *^44 714 
44 t^J7Hl 514^1 <=i7l4 i^4 ^^444 <=^7l5li^, 41-71 ^^1^^ 444 #^J451 44^i ^«1]4 ^4 
#4^4 4"^! ^^J44. ^44711 #4^451 4-4 ^14 ^4h 4^444 -^^4 1-4^451 ±^ " ^H^nns. 

-f Sfl^ (afterglow regime)" ^ 444 £4e1J14711 ^1^ ^^^4^1 ^^11^4 ^ ^1*114 ^444. 4 

4 °ll = ^iis-f 5ll^i4 714 44 ^^'^l 44 '^141-^ €^ 44514, '^'l^^ ^■lel§>j74 4Tr 7m(io) 4 
44 ^4^21 ^Bils Ai-g-^ m, ^11- 1-61 6)1^1 :^<?> yi^^ SiO 2 4 ^^4 444 4H1 4^51 <H 44 
^ ^k^ ^]^^. ^4 ^4^4 ^^-^l ^€4-5.5. ^ W4 *4^ 471-4^44 ^^4 <^1^4 

f^^-ir 44^144. 4i-« 4-#-44^ #4^:4 ^14i 4^ ^^-1: -^^14^ 714 4^(11)44 <=^7l4 

^^ 4^7} 44^1^^ ;^1^ ^14 ^4 :^1^E|<H ICP ^4 4^S7l (i7)5l ^4 ^14 i^i 7m(lO)<Hl4 
44 44 4^171 (12)1- ^4<=^ 31^4 4^1- '^4^1714 ^4<^ 44 ^14 -^4i4 #42:4 4^31: ^ 
4^l7lfe ;^ol ^§1 Hi-ta|^>4. 44^-5.^ ICP S4 ^^371 (i7)Sl 44 44 4^34 €^5l 44 ^4^1- ^4<=i 
44 44 1:^14^ «i 4^ 44:5.3.4 4ai. ^4 ^4^.^s. arv ^oj. ^x\^t^, o] :^-^6^ icps4 ^^34 
(17)51 4 4?l:il 4^^ 1:1 ifl4 20:H '^l€-4. 



^^W4 *^Ji 444 714 44 4^371 (i2)^l 3144 7m(io)i <^44 :]i^4 %^ 4^4 4£ 44 #4 
^4(i4)ofl d^7l4 #4^4 #^ 4^<^l^i -^14'^1 4* ^7144 ^^^] 44 <=i2i 7}^] 4^ 71-^4 #^1144. 4 
44. 714 44 4-^371 4^fe #4^4 #^ 4i^4 4-l^4 #4^4 #^ ^4 ^14 ^4 <^7l4 ^ SX^n, 4^1 
4^4, #4^4 4^71- 4 44 44 4^371 4^ 4 €4^4 #^ ^4 ^171-^4 ^7>*l 714 44 4^371 4 
til ^11 44. " #4^4 4" 4 " #4^4 4*" i 1^114 714 44 4^34 (12) 51 4^ n]^^ ^^Bizis-f 4-Bf| 
4 #42:4 4^S^1 4'g44. 44 444 4^ #42:4 m^ 4^4 714 44 444 4^51 ^^^^ 4 ^^<=>1 
4 4 44^ 4-§-4^ ^-f "^1 444 ^14 -=>I1%H1 5144 4^144. 



^^. 44 44 4-^34 (17)'>11 ^44 44(10)4 '=^44 Ji^4 ^144 4€- ^444 ^4^^ 31^4 # 

^ ^± ^4 Al7l7l- #4 2:451 4 €^7> 44 4^ 4^ ^4'^144. ^^1 714 44 4^37144 4^34 
ai^4 iiL4 44i4 4^4^ 31^4 4^ 4^51 lo '^1451 4f- ^7H144 1-42:4 #^ 4^s. ol^<H4^ 4 
■^l 44 44^44. 



^-SM, il- 71^ ^^-i: 13.56MHzSl ^s]-^^ 7l^oi] c^7]^ 31^^- %^ ^^f- ^ ZI 1 

4 7]^ ^7]^ 61= 74^301] lo ^715.1 ^-f ^ 7^ ^"t t^S^l 1^5] 

^^1 740nsi -^l^T^. 71^ ^<iJ- ^^51 ^ iflr^ ^4^^ o^lf - 200kHz<iH, 

4 SOOOns^^l €^ ^1^ ^11- 500ns, ^ tfl^ 13.56MHz5] iL^sj- 7]^ ^^^) 

7 ^71^ 1^ tfl «1^<^1 1:95. ^A-^ ^ 20W51 7l^(10)i <^7] 

€ JL^4 200W^ JL^^- m li^l m ^H. '='1^^ ^ 31^4 ^^ofl ^l-l-^]. 
Til 



4. 7l^(10)<Hl '^71^ IL^3\- Al^l^^ Aj-^-l!: ^Alofl.^]Ai 21- ^^i^l ^ til lOBHl <='l€-4. 

7m(10)^l <=^7l:^ jL^s^ #^31 ^l^^-^l sf-sl-T^l^S^i «^ ^ ^4 wl-i:, £ft 4 7l^ ^'?T- 1:^371 ^ 
^5.1 #^51 sltflst^i x>.g-^ ^ o;i4. 44Ai, 71^ ^l-a- ^^S7l €^7> #<il IkW^ Jl^iJrAS ^± 
^ ^4 7m(10)oll o^7m 31^5^ ^l^S-'^-m- tfl H]^^ ^^tl-^-^ « 

4^^s. Ai^ti 41- Jg^iiti £^tt4. 

45V #<^1 S^«l-7l ^-sM, c^ll- #^ 7l^(10)-^l <^7l:i J7^5h ^^m^ 4^^I1 ^"^^i^tA^^i 4 

*J*i5l S>4 ^3i|-^S 2:1^1 44Ai 71^ ^^371 (12)i 51S11 ZLe] JL 71^1^ ^lo^-^l] ^IfF ^ 

^tWl "a^l^l^l ^l^^-^il ^1l^tt4. 4^5.11 ^<^]-^l#^4^5. ifi«:^V7l 44-^ ^^14, i:4 u/f ^^^C^-^l-Z^si- 
^ 4*) VCOsC^-a- ;*1H 4^71 )s ^^44. 

^^>14 AR> ig^oflAi 714 4<a- «J:^S7l (12)1- ^-l-i-tt 31^4 tt^S^ 4^^^^ wls^ ^^l^i'^l 

^]^^ 11^4 #^17171- 30ns£l ^^7} 44^ it44, 100ns3] 4^ ^14^4 #^^4 

kW4^1 4^€ ^ S14 'fll^'^W. 

^ lOOns ¥4 7l4(lO)i '^7]£)B^ 714 44 ^^^71 (12)°11 ^^34 4^4 31^4 *^ 4:^^ 11^4 #^<^1 4 
«^ ^^"^14 ^Hi- 544711 <ilf-'^4^ ^ll^^S "E-n^ 7114444. M. 4 ^Jl^i^l- ^4<=^. il- 4^2^^s. 
13.56MH2^ 31^4 4^ ^471- 0-t #4444 ^144-=^ 4 -a^^^] f^4'^l 7>44 ^-f 

0,1 44^^ +^si4 ^WS^ '^1^'^44. 

4 -airi 4^^^1 ^7144 31^4 714 4^ 4^^^! ^44^ 4 "S^:^* ^1444 ^4'=^ Jl^4 44 4-^^ ^4 
El ia>4^ 4444 4 -g^i^t ^4^1 «.4 44. ^, 4 "a^^* 47>e1 a. 44^^i ^4^1^. ^44 

4S.4 f^s.44. 471-4 «- ^4 44fe 4^4^ #7141- f-4<^ a4ElM. ^4 44^4 4 "9^^^. '^44^, -^1 
;f -f 4- <a^i^ 31^4 .aj:4 47>Ei H ^4 44s. A144J1 f^s.44. 



4#4 ^7l4§ioi_ ^4E|ji 4 471-Bi w aj:4^ j7^4 4'='147ll 4^4^, ^Hl 714^4 4 
•^-l^^ ¥ 71151 ^1 4 4471- ^S^J44^ 4'=>14. -^144, 4*1 4^ ^7l7l- 4^ 7I4 44 4^J7l (17)'^1 514 4 
^34 31^4 4^51 ig^<^l4 4 -a^^^^ 43: 4^^ ^^^4 4'^1^4, ^^1 ^^1^1^ 4 47>Bia. 44 4^ 
4 444'=>1 44*1 444fe 4^-=>ll "^^^^ ^14^. ^^14^ 44 4^^ ^^4 ^114-1- ^^4^ i-il7l-E] ^44 <^^i:^ 
444. 



544 31^4 44 4^'^1 714 44 4^371 (i2)5i 4 ^j4^ 4°11 ^^114^4 47l ^4<^, 4 "Sl^^ 3i^4 714 
4^-^s ^714 Ai7l7l ^401 4^44/11^ c 55. ^Tg^ 444 4^o]i 44 401- ^VA§4 (i2)7l- ^7>^ ^^J4 



£ 5i 4* A ^S-^l^, ^^i #^3711- ^Wlfb ^]ci\ (32)7} ^J-7l 1:^371^ i 

1- ZOOkHzSl «fl^«}£^ 0^71^ =1- $14. =1%^^^, ^1-71 ^4^fe 71* ^"i]- #^S7l (12)51 -g^^i t^ofl 

#4^4 ^Ri ^1^^ (5)^ #^51 ^^^1^11- ^# ^ Si^z.^ 71* ^-a- t^37l (12)<^1 A -ai^^i 
^B|l5. ^«H^H -a^l^m^i ^"H^ #^-=11 "^i^T^* ^1^1^ «fl W^. '^ll- #<=^ ^^tb ^ 

^^€41:^514. 



^1-4 (32)^ ^4^ ^^^3451 ^^1-^ 4^1 ^4€ u/f (34) i ^11 4 € ^4^s ^^4^. -^l^ 

D "^^^4 D 1-^ l-l-(35)4 -a^^CCLR -a^^)"!! ^^4^ ^4^"=il ^^W. ^14<=^, D #^§1- 

(35)^ ^^TK^Sl-^Si^ 0 ^ stt ^^d--^! 0 5lltlr m (D -a^^'-fl^ 0BI11)€4. 

D l-^#-i-(35)S1 4?]: "^^^-$.5.4 stt Si 7>^«b 4^1- ^^4 (30)i ^«II4 ^^4711 ii^4 ^^14 (3 
1)51 ^^ 4*d-As 711311444, "^l^^ -^fl^ i3.56MHz4 ai^4 5LSi 4^i-l- 1-^S4?14. -^l 4-§-4 H 
F 1:^S7H14 CEX #^4AS.4 ^1444(^^ <^47l). 

^4^ €^34^ ^^71- oi4 1^ i2.Si5|444, D§^l-l-(35)^ 44 44 HF t^37l (31)51 Ji^4 3i€ ^-a-^ll 
^^4 S44^L ^4s -^^4^^. ^^3471- 4^] H4 o^s. s.^sl'H D l-^#l-(35)4 
4t 71^ 04lsSl-«:44. 



D#^W(35)S1 4^1 ^ii#f-(33)5l a1^> <?] ^44 ^44^, 14 S:n#l-(33)^ D#^#-t(35)5l 

A^;^^ 4 <a^>,7> ^<^^H. <^1 -a^rili 4^ ^14^ 2.ii#l- (33) °11 ^^^4 ^4 -^^J45l st-^l ^\ 
^■^A^^i, "fl-f ^14. ^*1 I00ns^4 4 ^14 ^ S14. Si^^f- (33)21 4 -aii^ n 

^4 1:^371 (31)21 ^J^4^1 4^£l^ 4 "a€^7> «^^^37l #^4(36)i ^14 -^-^ 31^4 

%^ oj^^^ 2. j7^5i^ ^a. ^7ls ^^j4 44 5117141- %'i%A. '^'is 4§H, ^^^371 #^4(36)i ^^J4 
4J:^ ^41^ ^^4 1:^371 (31)21 ai^4 A^<^ tfl^H ^^"^^ ^44^1^, zl 14 714 44 «J:^37l (I2)2l 
%^ 4M #^4(36). ^ ^^34 1151 n 44(10)<HI <^44 44 4^ "k^m €^7l- ^«a4:£^ ^^J44. 



D l-ll-f-(35)4 s.ii##(33)4 S^^^ ^44^ ^^344 ^4<i tfl^e^ 4^4 44^ 4 'i31i4ol l-^3=!:£^ 
% ^ c] Ai?]:^ ^A|7i (31)^ jiL4 ^4^4^a ^ 5i4. '='13. 4tM 714 44 1:^371 (i2)i 

#^34 %^ "a^i^::^ 4^ 44# ^ Si^^. ^T-^^ 4 J: 44* ^^mn ^4«H ji^4 1:^34 (31)21 
4 4^ 4^-ir ^44^m ^ Si4. 



11^4 ^^54 (31)4 CEX #^44 D l-^l-#(34)^ ^14 "3^4 4<='121 4^1- 444 (30)^ 11^4 1:^371 (31)51 
4 1:^ €^21 44 4471- 4:^ ^ ^^-^14 71-4^^ ^^4 A^ ^7\% ^44^ 2lni-a:4. ^i m 

4-71 ^4 4471^ iiL4 4421 ii^4 4^ ^7l7> 7l4 44 4^371 (i2)2l 'a4^2l ^14 
s>j7 -a 4^21 44# *4<^ ^s.4AS.4 4 *^ ^44 ^4 4^ ^4 ^^4 441- S44£ 

^ 1 Si4. 444 ^-f -HI. 44 444 (30)^ 4'='121 ^#?I1«>11-<51 ^V-g-^ ^ si4. 



£ S-^l £^14 44 4^^-^^ £^14 4':'14. 44^14, 4^ ^71-21 44, il- 4^34 4^71 

tf| ^4=-7> 4Hll5ici 4 <g4:fi# A^oHi^^ 4 'a4^4 ^4 441- 4^4^ ¥7l ^till7l7> 4-1-4 ^ $14. 

4 4^1 "^Hl 4^14. 4*1 4-f ^^4 #^ 4^21 44^14 1:4^ 7l4 44 4^34 (l2)oi| 714(10)^1 
<^7l4 4^^ 4^4. -^-l^^ #4^4(14) <^14 ^4^.^^. Ji^44. 



44 44 4^371 (12)<^1 2l«il4 aL^4 44'='14 3.^4 #^<^1 44-=!^ 1-4S4(14)''11 ^44 714 4^(ll)'=^l^. 



^(11)51 l-il7>E^^ #^^>11 tflsM 1:^J€ ^^>2] «^ ^^^k^] Al^i^^ 3E^lBl W 6l^3Zl- ^ 



S 6^ #2^-^4(14)71- 71^ ^^0- 1:^371 (12)5. ^^J^ 37^4 #^<il 7^ 

(37)# ^ft ^^ft ^71 sjSl- ^4.^^}7] £^^14. ^It nm-^] R4 If t 

K7m #2^^4(14)-^! ^l^il^i ^^^m. Dfe #4^4(14) -Hl^i ^7^^ o]^^ Aj-olt!- :f.^> 47] 

■^f^ J-4i fflifl^lEl C(-i-2l-^lH ^%>)^ ^^^^S. 7]:* ^^(11)51 

^± ^^^], JL^^- 7]^ ^^^37151 Al^^V^^^I, 71^ ^^(ll)i^ 4 €^51 AjZl-d] 7m ^-a-i 

^^JsliL n^iil- ^7151 Jl^oii tti-31- ^"H^ 4^1 «€4. ^7l;^l ^"=11, ^Jl^ 

^^>7] 71^ ^-g-^ 7j-4i^r^. 7]:^: ^^^o] ^^f^ :i^7> ufl ^7]^ <aS]:^«y ^4^^ 13.5 

6MHz3] j7^3|-i4 -frS #Bl-iT^>(14)o1lA-l ^1= 20 ^fl^l 100 ^^€4. 

i-f "a^^i- A>-g--tAs.«i, ^71 iA^, ^5 10 ^71 <^]^m s.^^-^ ^^"^i. 7i^ 

^^d- Usias 7> 7m ^71 n^l 71^(10)'^ <^7l^ u7^5|- jiL^ ^l-^(13.56MHz).2.^ 0^7] 

€4. 

^71 ^ofl ^^iit^^^^i ^^^91 <^7l 371^ ^^21^^ ^i%l-R (#21-^45. ^^)^ ^ 

^i^i (1-21-?1J^ ^#)31 7fl3flAlBl C<^1 4^-4. 71:^: S^<='fl^i ^7l^<^l 2:^^ 71:^ ^"^-5] %^ 

#21-^4 R^!] H7l<^l 4=^ 6%l-3:), 6]^^ #21-^4(14)5. ^^^^ "iSt^^S. 7l^(l 

o)i tfl^H ^.$.s^^J^4. 

45^Ai, #21-^4 (14) i^i. ^^11- 7^(10)31 ^^^4 7H1-421 ^M^ i44 ^-it^ ^^«H ^^^As. 
7> #?cfl«H. b]^^ 71^(10)^ "^^1- Ai-oH^i ^-a- ^ulll- -H-£tt4. -^l ^wfl^ 4^1 7l^(io)5] 5.^ 
o] A>^^ .^^ 4^3f^(5E:£#, SiOz4i3 ^)i 421-^i "Hl^i^l ^^s. ^^^^s. ^7] ^^El7l4 ^ Si 
£^ :a.7j-^4. 

71^ a^dO)-^! Jl^-HI 71 f-71- 1^^^^ ^4 ^A4. 7m^ 7>^4e1 4*^1 -i^i t^l 

^ ^"g- ^nll7V#4^4(i4)'i tfl^M €4 ^^^A-i 2!-g-E|^ tb. 4^(10)^ 7>^^ ^1^^ ^i^Elt^ <^ls. -ysM 

^^J^ 1^11^ 4* ^^^1 #^ l^i 5l«llA-i, 7m 4'=>l\f #^^1 7l-^«F 4^^^1 ^^Hl ^^«M 

#2^2:4 R^l £^1: ^ SI4. o]^^. £ yoflA-l ^^ ^4 nAS. '^1^<H^4. ^^1 

^^A5 2:^11- ¥«><^ 7m a4<=^14 ^-a- ^«11^ €4 ^71 ^Zi Jl451 ^-f -^l. ZL2laL ^«-^f!r ^Sl 

4151 ^4--^! 44^s.^El ^2144. , 

ala.^ 4 -ai^ ^4 ^4 ylJE^ 4 <?]^^<=^1 444 <^7l4 4 i-il7>Bl^ 714 4-9-^ ^-^Hs U 
n ^^J44. 4 44 4^ %n ^"i^Tll ^^^14 ^T-^^l 5144 714^1 ^4^1 7l-sii^4. 

714 4^ ^j-#«t €^11-1- ^^-^i 714 4^ 4"g-5l ^^'=•114, t^i^t-^l ^-^4^ ^^<H1 ^si^l 4^ ^7l ^ 
<^1 ^ Si 4. 444 ^44 ^11^ fe^ 714 4^ 4'g-<^l 20 ^^4 lOOV^ 4^5-^S. ^m^. ^^-§-4^ 
Ji^4 ^4-^ 4 ¥4 4^=1 4 W. 



(57) ^I^S] 



1. 

^T-i- 1:^3 A] ?1 71 ^ft ICP i:i(13)i^, St-i- 7>:fi<^l JL^s\- :^^}7] JL^ ^^H^-^ 2}-§-Al ^-^.^-^l "^4^^^ ^£ 

It #21-^4(14)1- 1:^3^17171 ^tt it>-g-7l (15)1- ^wm m ^^^H Si^^i 

^71 ICP ±±i3m '']-%-^}'^ -a-s It #2i-^Ti>(i4)s. ^7]^ #5i-s4 t^s^m ^ si^ ^i i ^^^^i 

^l^sl^ t}^ ^^]. 

^1 1 %1-Hl Si-^H^i. ^^71 1 #51-^^1- #^ ^ 4 1^ €^ ^1^4 ^S«H 2:1 

7>^ft 11^51- #^1: l:^SAl^ ^ ICP 4ii!t(17)<?l ^^AS <i%i ^^1. 

^1 2 ^Hl Si<HA-l. 4V71 ICP St 1:^371 (17) £1 -asil^^l- <:^7l€ #21-2:^1- ^^St\ ^l" ^ x^S. ^ 

B^^4 -yiil^ioil i4e(- ^^it}7] ^«H. 5^ ^^^"i "^l^- tn^i 2:1 ^Efls. -asEliai ^*J-7l(i8)7> 
^-i: ^^lAS. ^^1. 

^ ofl^l =3-^1. 

^1 2 %H1 Si^A-i, ^A|7l (i7)i^ ^^1-71 JL^ ;^HV5i ^si-^ o^^flAi 4 0^71 Idb: 

^1 7i^o.^Ai -yiq^^i- 2:i«>^ ^#<^l ^^£1^ 51- ^^^m. ^^1. 

^1 5 tHl SI^H^i, ^j-71 ICP s.'^i t^S7l (i?)-^!^ ^31-^ ^aj ^alfb ;^>-i- ^1 5is.7> 

Aj-71 iiiH^-^ sis.^ §>t4 ci^i-^i <^7m ^^7i5>i-. <^7i§>3i^i- fljH (1" %^ 

(7) ^^J- ^«:7ll- 4fe ^1: AS. §fe ^^1. 

^1 1 ^ i|^l ;^1 6 # <Hl:: t %H Si'H'H. 4T-71 7^(10)31- ICP ±^:i{13) Af^H-^i £^ ^j^^ ^^7l- 71" 

^«1 liSI-^ X>^11- ^^SAl?l^ ^] 2 ^^fl ;^|1^E|^ ^:^o_s. t}^ <m%l ^^1. 

^1 7 %H1 Sl-^H^i, ^^7] ^1 1 ^^V^ ^1^ ^^(23)<^m- 'g^ 1^(21)'^H, Aj-71 :^1- 

711 €^(2i)i s]n^] -B-bJ (23)'Hi ^i^^ o.^ 7m« ^ n^^. ^«i ^ 

SI^ ^t- AS «fe -^^Ri 'S-^l. 



^^"t 9. 

^1 1 ^Hl $1'^^. 41-71 71^(10)4 *1 7m(io) 71^ ^^(ll)<^l 71^ l:^j7l (12)1- 7M 

^, 41-71 71^ -a^^ £^ Al:?l:<s11 Trj-el- ^ ^o_x^, ^t] ^^2^^ aL^s|- 4^1: 4^ Sife ^ 

10. 

^1 9 %H1 ^j-71 71^ ^AS7l (12)iq- 7m(10) AH-i^i -a^lia^l- 2:l^>7l ^1 1 "S^^^ ^^d" 

71 (12)7> ^1- ^^10.5. §1-^ ;g-^l. 

^1 1 % ^^1 10 ^ <Hi^ ft %H Si-H^i. ^^71 ICP *^S7l (17)^ 7]^ ^-g- ^^371 (12) ^ W -fi- 
^ (23)4 lt«l-^ ^^1.2.5. <^%l ^^1. 

12. 

^1 1 ^> ^^1 ^1 11 ^ -Hii tt -^l^ ^^]^ -^l-S-^M €21^ 7m(lO)# '^Hi«>7l ^ft 

^^^^ 31^4 ^<H£ -gAl^ o.^ ^s. ^^^^}{U) ^± #4^"!- #^-5.5.^ <^7lEl^ ^1: ^ 

13. 

^1 12 %H SZ'H^i, ^^71 ^± #4^^V "^^=1 ^4^4 ^4^ -=^^4 ^^i'^i ^44^(1" )S. 
^4^1- ft^ 31^4 ^471 a€ 4'8-<='l 4-§-«>^ ICP ii:(i3)'=>II ^n^^ ^7]s\^ ^^^s. 

14. 

^1 12 ^''ll 9X<^^^. 41-71 €>i4€ 31^4 lOHz ^fl4 IMHz ^45] ^4==r4 1:1 ^fl4 1:100 ^^44 €^ tfl 

€^ W 4« 7l-^E!^ ICP s-i ^^S7l (17)1- ol-§-«H ^^S4^ ^^^-^s. ^fig. 

15. 

^1 12 tHl Si-^A-l, ^71 ^^1- #42:^^1- (14) "Hi^i ^l^^J- f'^ ^1^<HI 300 ^4 sooow^i #4^4 ^^-^-l ^^7] 
4-71 11^4 #^ ^ 4 300W ^4 20kW. ^^ 2 tfl4 lOkW ^]^^ ^1- ^^1-2. 

^^^^ 16. 

^1 12 ^1- 5:^ ^1 13 ^Hl Si-^^. 4-4 '='^71^ 11^4 #^51 c^7]^ 31^4 #^4 ^44^^ 51^ A) ^m^, 
4-4 ^4^^ l>i^-^<a- -a-s ^^1- #4^4(14)^ <^4€ #4^4 #^'='1 ^^s. ^^sjE.^ ^Hsj^ ^-t- 

m^l O.^ Ofl^l 1^1^. 

17. 



^^Ift ^^^s. t}^ 

^^^f- 18. 

^1 17 $i<=>1^i, C>1 ;^}7il7l- 71^(10)4 ^5. #51-^4(14)^1 -l^^^l^i «^>-§-7l (15)^ 

i-ll^i^i 10 ^11^1 lOOmTesla 4^1 ^J-^l" #^S5l^ ^^lAS ^.J"^. 

19. 

^1 17 Sfe ^1 18 Sl-^^i. ^1-71 -a-^ (ZS)-^! 51^A^ lOHz T-ll^l 20kHz ^5|-4^1- 7]- 

^1^, 4T-71 ^>7ill- l^sl-l: 1^1 c|| ^± ul^^ 1:1 1:1005] i^<^l ^c]^ ^^i^^ -^l 

20. 

^1 1 ^fl^l ^1 19 ^ It ^Hl $i<^^i, ^J-71 7l:^(io)<='i1^ 7]:^ ^-g- 1:^371 (12)'^1 s^n^^ «a^«T-7l4 ^1^ 
cfl icj-ei- igSl-^ ^ Ji^sl- ♦^'^1 4-§-5l^ 1^^. 

21. 

20 %H1 Si'^'^i. ^1-71 7l^ti <^7l:g fr^^ ^± A]^^ jl^Sl- ^ ZL^3\- 7]^ ^4^^ 

m T^^i looiafl. ^§1 i«ii lon^A ^^lAs. -sfe ^T-^a. 

22. 

^1 20 ^1- £^ 21 %H Si-^^^. ^j-71 7l^(l0)ife Al:?>'i 45l- 5 ^fl^l lOOW^I ^5 HL^^ t^-^-l 

2!-#«H, ^7] A 31^4 #^ ^^51 ^c(| Al:?>6j) tcl-s. ^5 1 20«1|. 2 ^fl^l lOHll'?! ^1- 

23. 

^1 21 ^l-<^1 Sl-H^i. ^^71 ci7l^ jZ^3)-^^51 lOOkHz lOOMHz, ^^ 13.56MHz7l- 

<^7\^ ^^^^ial#^ 1:1 tfl^l 1:100, 1:1 ^^1 1:10^1 ^^^^ 
5.§>^i%l It's. 

A 1 ^-11^1 ^1 23 ^> ^ '^H^ ft ^Hl Si^H^i. ^1-71 <^7l^ #51-^1^> #^5] 71^ ^-g- 1:^371 (12)'^1 51*11^1 

7l^«^1 '^7l€ 11^4 #^ S.^ "^^l^ #21-^4 #^5] :ii ^ 7m ^-a- (12)«^1 

lO)"!! '^7l€ai^4#^^ l^^Al?t>='fl :e.^s|7l4 ^^ISl-sl^ ^^^lAS. §m 

%^^^i-25. 

^1 24 Si-^Ai, ^1-71 li^g^ ICP ^^S7l (17)51 31^21- #^ ^^j <i^7lAl7l^ ^gfls. ^A] 

^1-71 7:>^lfe 3L^^ ^^7> A>e1-^ ^ofl 7>^Elfe 5# ^^1^5. 



^^^^ 26. 



^1 24 £fe ^1 25 ^Hl $i<H^i, a.^^ ICP ^^371 (17)^ 11^51- ^^ ^± 7]^ ^^^37l (12) 
"11 ^n^'\ 71:^(10)^ <^7]^ JL^S^ ^^Elfe^E]l5.^Al5l7li4 7m^«g-^^S7l(12)'^l^^^i 7l^(10)'>il 

^7l^a7^3f-#^ €^ ICP 1-^171(7) -HI 2]^A-1 <^7l^ ^^^^S^5.^AlS|^^^^ 

^lAS. ^1^1 «oT-^. 

27. 

^ 24 t ^ 25 %H1 Si^^i. ^J-71 ^7m^ 71^(10)'=>1 ICP ^^^^7] in)-^] ^n^^ ^^^^}il4)^] 
l-2l-^i'> %n ^±7} Jg-ol: 7]:^ #^371 (12)'H1 7l:g:(10)i '^7]^ JL^3\- ^^ ^±7} 

^ nns. ^-i: ^^As §fe ig-^. 

%^^^T-28. 

x|l 24 ^1- £^ ^1 25 ^^^i. ^J-71 Ji^^ 71^ 1:^371 (12)<H| Sl^^l 7l4a:(10)'^l <^7]^ JL^s^ #^^1 IC 

P St 1:^371 (17) -^i ^^ii^i #si-^^]-(i4)<^i <^7]^ JL^3\- ^^ s^j^i ^^^m •&>7^ ^-a: «j:^s«>^ % 
^^1^^ «fe -^1^ 'S-'S. 

29. 

^1 24 £^ 25 %i Si-^^i. ^j-71 a.^^ ICP ^^371 (17)^ ^^^i #2l-Z:T:'Kl4)'=fl ^7]:^ W^Zi^} 
€^7} ;^14El^ ^^J:. ZLB]uI ICP St ^^371 (17)i ^^^i #Bl-Z:T^>(14)<^ <^7m 7]^{10)^ 4 ^Bl-Z:^ 
^^5] €^ A]?]: ¥^ 7l:Sr t^37l (12)«i 5]^/.^ 7m(10)i <^7l^ ^l-uj- ojAj-o^ ^^y} 4^ 

«fe ^BflS. ^AlE|^ 5^ ^^^5. «fe ^1-^. 

^^^t 30. 

12 vt|:^1 ^1 29 %T- ^ %H Si^^^i ^1-71 '=>fl^^ 5 ifl^^l lOO/ibar^l 'a-^'=^l^-1 -^fl^l ^^^ij- 
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